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Consistency Determining Method and System 

Cross-Reference To Related Applications 

This application is a continuation-in-part of presently copending U.S. Patent 
Application Serial No. 09/520,915 that was filed in the U.S. Patent Office on March 8, 
2000. This application also claims priority under 35 U.S.C. §1 19(e) to U.S. Provisional 
Patent Application No. 60/190,743, filed March 20, 2000, and U.S. Provisional Patent 
Application No. 60/196,279, filed April 9, 2000, the entirety of both which are 
incorporated by reference herein. 

Field of the Invention 

The present invention relates to a method and system for determining consistency 
of stock being refined by a disk refiner as well as a method and system for controlling 
refiner operation based on consistency. 

Background of the Invention 

Many products we use every day are made from fibers. Examples of just a few of 
these products include paper, personal hygiene products, diapers, plates, containers, and 
packaging. Making products from wood fibers, cloth fibers and the like, involves 
breaking solid matter into fibrous matter. This also involves processing the fibrous matter 
into individual fibers that become fibrillated or frayed so they more tightly mesh with 
each other to form a finished fiber product that is desirably strong, tough, and resilient. 

In fiber product manufacturing, refiners are devices used to process the fibrous 
matter, such as wood chips, pulp, fabric, and the like, into fibers and to further fibrillate 



existing fibers. The fibrous matter is transported in a liquid stock slurry to each refiner 
using a feed screw driven by a motor. Each refiner has at least one pair of circular ridged 
refiner discs that face each other. During refining, fibrous matter in the stock to be refined 
is introduced into a gap between the discs that usually is quite small. Relative rotation 
between the discs during operation causes the fibrous matter to be fibrillated as the stock 
passes radially outwardly between the discs. 

One example of a refiner that is a disc refiner is shown and disclosed in U.S. 
Patent No, 5,425,508, However, many different kinds of refiners are in use today. For 
example, there are counterrotating refiners, double disc or twin refiners, and conical disc 
refiners. Conical disc refiners are often referred to in the industry as CD refiners. 

Each refiner has at least one motor coupled to a rotor carrying at least one of the 
refiner discs. During operation, the load on this motor can vary greatly over time 
depending on many parameters. For example, as the mass flow rate of the stock slurry 
being introduced into a refiner increases, the load on the motor increases. It is also known 
that the load on the motor will decrease as the flow rate of dilution water is increased. 

During refiner operation, a great deal of heat is produced in the refining zone 
between each pair of opposed refiner discs. The refining zone typically gets so hot that 
steam is produced, which significantly reduces the amount of liquid in the refining zone. 
This reduction of liquid in the refining zone leads to increased friction between opposed 
refiner discs, which increases the load on the motor of the refiner. When it becomes 
necessary to decrease this friction, water is added to the refiner. The water that is added is 
typically referred to as dilution water. 
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One problem that has yet to be adequately solved is how to control refiner 
operation so that the finished fiber product has certain desired characteristics that do not 
vary greatly over time. For example, paper producers have found it very difficult to 
consistently control refiner operation from one hour to the next so that a batch of paper 
5 produced has consistent quality. As a result, it is not unusual for some paper produced to 
be scrapped and reprocessed or sold cheaply as job lot. Either way, these variations in 
quality are undesirable and costly. 
; j! Another related problem is how to control refiner operation to repeatedly obtain 

iu certain desired finished fiber product characteristics in different batches run at different 

|lj 10 times, such as different batches run on different days. This problem is not trivial as it is 

? 'W very desirable for paper producers be able to produce different batches of paper having 

ff 5 nearly the same characteristics, such as tear strength, tensile strength, brightness, opacity 

g and the like. 

U In the past, control systems and methods have been employed that attempt to 

15 automatically control refiner operation to solve at least some of these problems. One 
common control system used in paper mills and fiber processing plants throughout the 
world is a Distributed Control System (DCS). A DCS communicates with each refiner in 
the mill or fiber processing plant and often communicates with other fiber product 
processing equipment. A DCS monitors operation of each refiner in a particular fiber 
20 product processing plant by monitoring refiner parameters that typically include the main 
motor power, the dilution water flow rate, the hydraulic load, the feed screw speed, the 
refiner case pressure, the inlet pressure, and the refiner gap. In addition to monitoring 
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refiner operation, the DCS also automatically controls refiner operation by attempting to 
hold the load of the motor of each refiner at a particular setpoint In fact, many refiners 
have their own motor load setpoint. When the motor load of a particular refiner rises 
above its setpoint, the DCS adds more dilution water to the refiner to decrease friction. 
5 When the motor load decreases below the setpoint, dilution water is reduced or stopped. 
During refiner operation, pulp quality and the load on the refiner motor vary, 
sometimes quite dramatically, over time. Although the aforementioned DCS control 
method attempts to account for these variations and prevent the aforementioned problems 
from occurring, its control method assumes that the mass flow of fibrous matter in the 

10 stock entering the refiner is constant because the speed of the feed screw supplying the 
stock is constant. Unfortunately, as a result, there are times when controlling the dilution 
water flow rate does not decrease or increase motor load in the desired manner. This 
disparity leads to changes in refining intensity and pulp quality because the specific 
energy inputted into refining the fibrous matter is not constant. These changes are 

15 undesirable because they ultimately lead to the aforementioned problems, as well as other 
problems. 

In the past, consistency has been measured externally of a refiner in an effort to 
determine how well the refiner is operating. After evaluating the consistency 
measurement, there are times where an operator will manually make an adjustment to the 
20 refiner in an effort to try to get the consistency closer to a desired value or range. 

Unfortunately, it takes a long time, often several hours or longer, before the operator will 
know whether his or her adjustment had the desired impact on consistency. This hit and 
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miss approach is inexact and inefficient. 

This delay is believed to be caused by at least two problems, if not more. First, it 
takes a long time, often several hours or possibly even days, for the refiner to reach steady 
state operation before an operator will know what kind of effect that the change had. 
5 Second, consistency measurements are taken outside the refiner using equipment and 
methods that are slow, which also delays how fast an operator can obtain feedback. In 
any event, because the present methods and devices for measuring consistency are slow 
and there is a corresponding delay in recognizing that the refiner is operating in a steady 
state condition, the operator is forced to wait a long time until they know with some 
1 0 certainty what kind of effect their change had. This means, that the refiner can operate 
inefficiently for hours, if not days, before the operator, using this trial and error method, 
finally settles on a combination of operating settings that are more to his or her liking. 

Hence, while some refiner process control methods have proven beneficial in the 
past, they in no way have resulted in the type of control over finished fiber product 
15 parameters and the repeatability of these parameters that is desired. Thus, additional 
improvements in refiner process control and consistency measurement are needed. 

Summary of the Invention 
A system for and method of determining stock consistency. The invention 
includes one or more sensors that sense temperature and/or pressure of stock adjacent or 
20 in the refining zone during refiner operation. In one preferred embodiment, one or more 
sensors in the refining zone provide real time temperature and/or pressure data from 
which a consistency is determined. A plurality of sensors can be used. Sensors can be 
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distributed radially along the refining zone to provide a distribution of temperature and/or 
pressure data from which a consistency is determined. Using the system and method of 
the invention, consistency can be quickly measured in no more than five minutes and 
preferably is measured in real time. In one preferred embodiment and method, 
5 consistency is measured a plurality of times a second and preferably at a rate of about 
twenty times a second. 

The consistency can then be used to control or help control refiner operation. For 
example, in one preferred embodiment, the dilution water to the refiner is regulated based 
on stock consistency. In another preferred method, the volumetric flow rate of the stock is 

10 regulated based on stock consistency. If desired, regulation of volumetric flow rate and 
dilution water can both be based on stock consistency. If desired, another parameter, 
such as refiner gap, can be regulated based on consistency. 

Where refiner temperature is used in determining consistency, the refiner 
temperature is a temperature of stock inside the refiner or adjacent its inlet or outlet. In 

15 one preferred implementation, the refiner temperature is a temperature of stock in the 
refining zone. Where there is more than one sensor in the refining zone, the temperature 
can be provided by a particular selected sensor or calculated based on the sensor data 
from more than one sensor. In one preferred embodiment, temperature measurements 
from multiple sensors are averaged. In another embodiment, a temperature profile using 

20 data from each sensor is used. 

Where refiner pressure is used in determining consistency, the pressure preferably 
is a pressure inside the refiner, such as a pressure in the refining zone, or a pressure inside 
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the refiner adjacent an inlet or outlet. Where there is more than one sensor in the refining 
zone, the pressure can be provided by a particular selected sensor or calculated based on 
the sensor data from more than one sensor. In one preferred embodiment, pressure 
measurements from multiple sensors are averaged. In another embodiment, a pressure 
5 profile using data from each sensor is used. 

In one preferred implementation of the method of determining consistency, the 
method uses temperature or pressure measured inside the refining zone along with other 
refiner parameters in determining the consistency of stock in the refining zone as a 
function of time and location in the refining zone. This method advantageously permits 
10 consistency of stock to be determined in real time in the refining zone. 

Where volumetric stock flow or mass flow is regulated, it preferably is regulated 
by controlling the speed of a feed screw that provides the refiner with stock or fiber for 
stock. Where dilution water flow is regulated, it preferably is regulated by controlling 
operation of the dilution pump. Other refiner parameters can be controlling using the 
15 method of this invention. 

So that the process can be controlled despite changes in refiner operation not due 
to regulation using the method, one preferred implementation pauses to permit refiner 
operation to stabilize before resuming regulation of refiner operation. For example, 
where an operator manually changes refiner operation, regulation is paused preferably 
20 until refiner operation stabilizes. The same is true where a refiner is also subject to 
control of a processing device, such as a Distributed Control System (DCS). 

In one preferred embodiment, the method is implemented in the form of a 
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controller that preferably is a PI or a PID controller. If desired, a proportional controller 
can be used. The controller can be a digital or analog controller and can be configured to 
operate with a processor such as the digital processor of a personal computer, a DCS, a 
programmable controller or the like. 
5 The system includes a processor that receives data related to refiner operation. 

Suitable data includes data related to the process variable or variables used in regulating 
refiner operation. In one preferred embodiment, the processor receives data related to one 
or more of the following parameters: the power inputted into the refiner, the feed screw 
speed (or volumetric stock flow or feed rate), the temperature of the stock before it enters 

10 the refiner, the temperature of stock after it leaves the refiner, a refiner temperature, a 
refiner pressure, the force exerted on the refiner disks urging them together, the dilution 
motor power of the dilution pump, the chip washing water temperature, the dilution water 
temperature, the gap between the refiner disks, as well as other parameters. At least three 
of these parameters are used in determining consistency. 

15 In carrying out a method of refiner control using consistency, the processor 

outputs at least one control signal. Each control signal can be directly provided to the 
refiner or a component related to the refiner, such as the feed screw or dilution water 
pump. If desired, each control signal can be provided to another processor, such as a 
DCS, that causes the DCS to regulate the desired parameter. For example, a control signal 

20 can be provided to the DCS that causes the DCS to change feed screw speed. Another 
control signal can be provided to the DCS that causes the dilution water flow rate to 
change. Another control signal can be provided to the DCS that causes the refiner gap to 
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change. 

Using a method and system of this invention, control changes can be made to the 
refiner at a rate of at least one every five minutes and preferably faster. For example, in 
one preferred embodiment, real time control of the refiner is achieved. Preferably, the 
5 system and method enables a plurality of the aforementioned setting changes to be made 
per second and as fast as at a rate of about twenty hertz. 

In one preferred embodiment, each sensor is carried by a refiner disk or segment 
of the disk. In one preferred sensor disk or sensor disk segment, each sensor is imbedded 
in the refining surface of the disk or segment. 

10 In a preferred sensor embodiment, the sensor has a sensing element carried by a 

spacer that spaces the sensing element from the material of the disk or segment in which 
it is imbedded* This prevents the sensor from detecting the temperature of the disc or disc 
segment, and, instead, when insulated, the sensor detects the temperature of the stock. 
One preferred spacer is made from an insulating material that preferably thermally 

15 insulates the sensing element from the thermal mass of the refiner disk material 

Other objects, features, and advantages of the present invention include one or 
more of the following: a method and system for determining consistency at or close to the 
refining zone; a method and system for determining consistency in real time in the 
refining zone; a method and system for determining consistency in the refining zone as a 

20 function of position in the refining zone; a method and system for using determined 
consistency in controlling some aspect of refiner operation; a method and system that 
controls refiner operation in real time based on consistency measured in real time; and a 
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method and system for controlling refiner operation based on consistency that 
accommodates changes to other refiner settings; is a method and system for measuring 
consistency that is reliable, economical, easy to manufacture and install, repeatable, fast, 
rugged, and efficient; and is a method and system for controlling refiner operation based 
5 on consistency that is also reliable, economical, fast, rugged, and efficient. 

Other objects, features, and advantages of the present invention will become 
apparent to those skilled in the art from the detailed description and the accompanying 
drawings. It should be understood, however, that the detailed description and 
accompanying drawings, while indicating at least one preferred embodiment of the 
10 present invention, are given by way of illustration and not of limitation. Many changes 
and modifications may be made within the scope of the present invention without 
departing from the spirit thereof, and the invention includes all such modifications. 

Brief Description of the Drawings 
Preferred exemplary embodiments of the invention are illustrated in the 
15 accompanying drawings in which like reference numerals represent like parts throughout 
and in which: 

FIG. 1 is a schematic view of a first embodiment of a refiner monitoring and 
control system; 

FIG. 2 is a schematic view of a second embodiment of a refiner monitoring and 
20 control system; 

FIG. 3 is front plan view of a cabinet housing a control computer of the refiner 
monitoring and control system; 
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FIG. 4 is a fragmentary cross sectional view of an exemplary twin refiner; 

FIG. 5 is a schematic of a system for supplying the refiner with stock; 

FIG. 6 is a front plan view of an exemplary refiner disk segment; 

FIG. 7 is a front plan view of a refiner disk segment that has a plate with sensors 
5 used to sense a parameter, such as a process variable, in the refining zone; 

FIG. 8 is an exploded side view of a second refiner disk with sensors embedded in 
the refining surface of the disk; 

FIG. 9 is a graph showing a generally linear relationship between a process 
variable, namely refiner temperature, and the controlled variable, namely feed screw 
10 speed; 

FIG. 10 is a graph depicting controlling the process variable, namely refiner 
temperature, by regulating the controlled variable, namely volumetric flow rate of stock 
entering the refiner; 

FIG. 1 1 is a graph illustrating the relationship between a process variable, namely 
15 refiner temperature, and a controlled variable, namely dilution water flow rate; 

FIG. 12 is a flowchart illustrating a preferred method of controlling refiner 
operation; 

FIG. 13 is a graph depicting a tolerance or band around a process variable setpoint 
used in controlling refiner operation; 
20 FIG. 14 depicts one preferred implementation of the control method; 

FIG. 15 is a graph illustrating a method of changing a process variable setpoint in 
response to a change in refiner operation; 
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FIG. 16 is a schematic of a method of changing the setpoint in response to a 
change in refiner operation; 

FIG. 17 is a schematic depicting a second preferred implementation of the control 
method; 

5 FIG. 18 is a schematic depicting a preferred implementation of the control method 

using two control loops that have two process variables that can be different; 

FIG. 19 is a schematic depicting a second preferred implementation of the control 
method using two control loops; 

FIG. 20 is a control block diagram depicting one preferred implementation of the 
10 control method; 

FIG. 21 is a control block diagram depicting a second preferred implementation of 
the control method having two control loops; 

FIG. 22 is a graph illustrating a change in a refiner operating parameter putting a 
controller of the control method on hold and then releasing the controller when a process 
15 variable of the control method has stabilized; 

FIG. 23 depicts a piece of fiber being refined by a pair of refiner plates and the 
strain imparted on the fiber by the plates; 

FIG. 24 is a load-deflection or stress-strain curve for wood being refined; 
FIG. 25 illustrates a typical temperature profile in the refining zone of a single 
20 disc high consistency refiner; 

FIG. 26 is a plot of refining zone temperature as a function of radius; 

FIG. 27 is a schematic of a system for measuring consistency and for controlling 
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refiner operation using the measured consistency; 

FIG. 28 is a graph illustrating operation of a controller that controls refiner 
operation based on measured consistency; 

FIG. 29 is a graph depicting refiner performance with and without refiner control 
5 based on consistency; and 

FIG. 30 illustrates operation of a refiner being controlled by a controller that 
controls refiner operation based on measured consistency. 

Detailed Description of Preferred Embodiments 

FIG. 1 schematically illustrates a system 30 for determining consistency of stock 
10 being refined and can be used to determine consistency in one or more disc refiners 32a, 
32b, or 32c. The system includes a processor 34 that accepts data from sensors from 
which consistency is determined and performs calculations to determine consistency. In 
one preferred embodiment, the processor 34 can also control some aspect of operation of 
a refiner. For example, the processor 34 can also control operation of a feed screw 66, 
15 which is shown in FIG. 5, and which is discussed below, that supplies the refiner with 
stock. The feed screw 66 is not part of the refiner itself and, instead, is a separate part that 
feeds stock to the refiner. In another preferred embodiment, the processor 34 can also 
control the flow rate of dilution water to the refiner. The mass flow can be regulated to 
help keep a process variable at or desirably close to a consistency setpoint that can change 
20 during operation. When some aspect of refiner operation is changed, the control processor 
34 stops regulation for a period of time to allow the change to take effect and cause a new 
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setpoint to be reached. The control processor 34 then resumes regulating mass flow using 
the new setpoint. 

In a preferred embodiment of the system 30, the processor 34 comprises a 
computer 38 that can include a display 40, and one or more input/output devices 42, such 
5 as a keyboard and/or a mouse. Such a computer 38 can be a personal computer, a 

mainframe computer, a programmable controller, or another type of processing device. If 
desired, the computer 38 can have on-board memory and can have an on-board storage 
device. 

In the preferred embodiment shown in FIG. 1, the processor 34 preferably also has 
10 or includes an input/output device 44 that comprises at least one data acquisition device 
or a data acquisition system capable of receiving data from one or more of the refiners 
32a, 32b, and 32c. For example, in the embodiment of FIG. 1, at least three refiners 32a, 
32b, and 32c are linked to the processor 34. This device 44 can be a separate component 
linking the processor 34 and the refiners 32a, 32b, and 32c in the manner depicted in FIG. 
15 1 , or can be an integral part of the processor 34. 

The processor 34 and input/output device 44 can be housed in a cabinet 82 (FIG. 
3) that can be located in a fiber processing plant, such as a paper mill or the like. The 
display 40 can be remotely located, such as in a control room of the fiber processing 
plant. If desired, the processor 34 can be a Distributed Control System (DCS) at the fiber 
20 processing plant or can be a component of the DCS, 

The processor 34 can communicate via a link 46 with an off-site computer 48 that 
is used for troubleshooting and downloading updates or changes to the method of refiner 
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control carried out by the processor 34. Such a link 46 can be a wireless link or a wire 
link between computers 38 and 48. Examples of suitable links 46 include a link via the 
Internet, such as an FTP or TCP/IP link, or a direct telephone link. 

The processor 34 is directly or indirectly connected by links, indicated by 
5 reference numerals 50-60 in FIG. 1, to each one of the refiners 32a, 32b and 32c. For 
example, one or more of the links 50-60 can comprise a cable or a wireless 
communication link or the like. 

The processor 34 is shown in FIG. 1 as being connected by a link 62 to the 
input/output device 44. In one preferred embodiment, the device 44 is a data acquisition 

10 and control system that includes ports or modules 64. Where data acquisition is needed, 
each port or module can comprise a data acquisition card. If desired, the device 44 can be 
comprised of one or more data acquisition cards installed in slots inside computer 38. 
While FIG. 1 depicts a link from each one of the refiners 32a, 32b, and 32c running to a 
single card or module, a dedicated card or module can accept two or more such links. 

15 Each refiner 32a, 32b, and 32c has a plurality of sensors that provide data to the 

processor 34. For example, data from at least one sensor 70 relating to temperature, 
pressure or a combination of temperature and pressure are communicated via link 50 to 
processor 34. Data from other sensors 72-80 are also directly or indirectly utilized in 
determining consistency. For example, sensors 72-80 provide data relating to one or more 

20 of the following parameters: refiner main motor power, refiner plate force, the refiner 

gap, the rate of flow of dilution water added during refining, conveyor screw rotation, the 
flow rate of fibrous matter being introduced into the refiner, such as fiber mass flow rate 
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and stock flow rate, and/or rotational speed, as well as consistency. Where the processor 
34 is a DCS, all of this sensor data is obtained during refiner operation by the DCS. 

Where refiner main motor power is monitored, an example of a suitable sensor is 
one that senses the voltage or current from a current transformer coupled to the refiner 
5 motor. Where refiner plate force is monitored, examples of suitable sensors include one 
or more of the following: an accelerometer, a strain gauge, or a pressure sensor that 
senses the pressure or force urging the refiner plates toward each other. Where refiner gap 
is monitored, examples of sensors include one or more of the following: an inductive 
sensor carried by at least one of the refiner plates or a Hall effect sensor. Where conveyor 

10 screw rotation is monitored, a sensor on the conveyor screw motor can be used to 

provide, for example, the rate of screw rotation. Where rate of flow of dilution water is 
monitored, a flowmeter can be used. A flowmeter is an example of a sensor that can be 
used to provide data from which a flow rate of fibrous matter into the refiner can be 
obtained. Where a flow meter is used, examples of suitable flow meters that can be used 

15 include paddle-wheel type sensors, optical sensors, viscosity meters, or other types of 
flow meters. Sensor data from one or more sensors, including the aforementioned 
sensors, can be used in making a consistency measurement that can be used as a setpoint 
by the processor 34. 

A number of these refiner-related sensors and other sensors that can be monitored 
20 by the system 30 of this invention are disclosed in more detail in one or more of U.S. 
Patent Nos. 4,148,439; 4,184,204; 4,626,318; 4,661,91 1; 4,820,980; 5,01 1,090; 
5,016,824; 5,491,340; and 5,605,290, the disclosures of each of which are expressly 
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incorporated herein by reference. 

FIG. 2 schematically illustrates another preferred embodiment of system 30'. The 
processor 34 is a computer 38 that is located in a cabinet 82 that is located on site. There 
is a link 84 from the processor 34 to a signal conditioner 86 carried by the refiner 32. The 
5 signal conditioner 86 is attached by another link 88 to each sensor 70. 

The signal conditioner 86 connects with each sensor 70 and converts the sensor 
output to an electrical signal that is transmitted to the processor 34. For example, one 
preferred signal conditioner 86 typically outputs a current (for each sensor) in the range of 
between four and twenty milliamperes. The magnitude of the signal depends upon the 
10 input to the sensor (and other factors including the type of sensor or sensors) and provides 
the processor the information from which it can determine a sensor measurement. If 
desired, more than one signal conditioner can be mounted to the casing or housing of the 
refiner 32, As is depicted in FIG. 2, the signal from each sensor 70 can first be 
communicated by a link 84 to a DCS 94 before being communicated to processor 34. In 
15 some instances, a signal conditioner 86 may not be needed. 

For sending information, the processor 34 is connected by a communications link 
1 00, such as a phone line, to a device 1 02 located in a control room that preferably is 
located in the fiber processing plant. The device 102 can be a computer that includes a 
display 104 upon which graphical information is shown that relates to refiner operation 
20 and can relate to control. 

The processor 34 is depicted in FIG. 2 as being connected by another 
communications link 92 to a DCS 94 that preferably is located on site. The DCS 94 is 
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connected by a second link 96 to one or more of refiner sensors 72, 74, 76, 78 and 80 that 
provide the DCS with information about a number of parameters that relate to refiner 
operation. A third link 98 connects the DCS to each feed screw motor (or feed screw 
motor controller) 66 and each dilution water motor (or feed screw motor controller) 68, 
5 only one of which is schematically depicted in FIG. 2. The link 98 can include a separate 
link to each feed screw motor (or motor controller) 66 and each dilution water motor (or 
motor controller) 68 for that particular refiner 32, At least one of the purposes of link 98 
is to convey control signals from the DCS to each feed screw motor (or motor controller) 
66 and each dilution water motor (or motor controller) 68 to control their operation. 

10 Another purpose of link 98 can be to provide feedback about motor speed so that the 
mass flow rate of the feed screw and flow rate of dilution water can be determined. 

The link 92 provides the processor 34 with information from the DCS 94 that 
preferably includes the main motor power of the refiner 32, the force exerted on the 
refiner disks urging them together (or hydraulic pressure or force), the dilution motor 

15 power of the refiner for each dilution pump, DCS ready status, several other DCS signals, 
the refiner case pressure, the refiner inlet pressure, the chip washing water temperature, 
the dilution water temperature, as well as the gap between refiner disks. The link 92 also 
enables the processor 34 to communicate with the DCS 94 to cause the DCS 94 to change 
the mass flow rate of stock entering the refiner 32. The link 92 can also be used by the 

20 processor 34 to communicate with the DCS 94 to change the rate of flow of dilution 
water entering the refiner 32. The link 92 preferably comprises a bidirectional 
communications link. Communication preferably is in the form of a digital or analog 
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control signal sent by the processor 34 to the DCS 94. 

FIG. 3 depicts the contents of a cabinet 82 that houses the processor 34. In 
addition to any needed data acquisition modules or system (not shown in FIG. 3), the 
processor 34 can communicate via a link 106 with a connector box 1 08 that includes a 
5 plurality of calibration modules 1 1 0 + Each calibration module 1 10 holds calibration data 
for a particular sensor or a particular set of sensors 70. Each calibration module 1 10 has 
on board storage or memory, such as an EPROM, EEPROM, or the like, that holds sensor 
calibration data. When data is read from a particular sensor or a particular set of sensors 
70, the calibration data that relates to that particular sensor or that particular group of 

10 sensors 70 is applied to make the resultant sensor measurement more accurate. 

The refiner 32 can be a refiner of the type used in thermomechanical pulping, 
refiner-mechanical pulping, chemithermomechanical pulping, or another type of pulping 
or fiber processing application where a rotary disk refiner is used. The refiner 32 can be a 
counterrotating refiner, a double disc or twin refiner, or a conical disc refiner known in 

15 the industry as a CD refiner. 

An example of a refiner 32 that is a double disc or twin refiner is shown in FIG. 4. 
The refiner 32 has a housing or casing 90 and an auger 1 12 mounted therein which urges 
a stock slurry of liquid and fiber introduced through a stock inlet 1 14 into the refiner 32. 
The auger 1 12 is carried by a shaft 1 16 that rotates during refiner operation to help supply 

20 stock to an arrangement of treating structure 1 1 8 within the housing 90. An annular 
flinger nut 122 is generally in line with the auger 1 12 and directs the stock radially 
outwardly to a plurality of opposed sets of breaker bar segments 124 and 126. 
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Each set of breaker bar segments 124 and 126 preferably is in the form of sectors 
of an annulus, which together form an encircling section of breaker bars. One set of 
breaker bar segments 124 is carried by a rotor 120. The other set of breaker bar segments 
126 is carried by another portion of the refiner 32, such as a stationary mounting surface 
5 128, e.g., a stator, of the refiner or another rotor (not shown). The stationary mounting 
surface 128 can comprise a stationary part 130 of the refiner frame, such as the plate 
shown in FIG. 4. 

r '3 Stock flows radially outwardly from the breaker bar segments 124 and 126 to a 

T.TJ 

'f! radially outwardly positioned set of opposed refiner discs 132 and 134. This set of refiner 

, H 10 discs 1 32 and 1 34 preferably is removably mounted to a mounting surface. For example, 

r|J disc 132 is mounted to the rotor 120 and discs 134 are mounted to mounting surface 128. 

S The refiner 32 preferably includes a second set of refiner discs 1 36 and 1 38 

;i positioned radially outwardly of the first set of discs 132 and 134. The refiner discs 136 

'i2 and 138 preferably are also removably mounted. For example, disc 136 is mounted to the 

15 rotor 120, and disc 138 is mounted to a mounting surface 140. Each pair of discs of each 
set are spaced apart so as to define a small gap between them that typically is between 
about 0.005 inches (0.127 mm) and about 0.125 inches (3.175 mm). Each disc can be of 
unitary construction or can be comprised of a plurality of segments. 

The first set of refiner discs 132 and 134 is disposed generally parallel to a 
20 radially extending plane 142 that typically is generally perpendicular to an axis 144 of 
rotation of the auger 1 12. The second set of refiner discs 136 and 138 can also be 
disposed generally parallel to this same plane 142. This plane 142 passes through the 
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refiner gap and refining zone between each pair of opposed refiner disks. Depending on 
the configuration and type of refiner, different sets of refiner discs can be disposed in 
different planes. 

During operation, the rotor 120 and refiner discs 132 and 136 rotate about axis 
5 144 causing relative rotation between refiner discs 132 and 136 and refiner discs 134 and 
138. Typically, each rotor 120 is rotated at a speed of between about 400 and about 3,000 
revolutions per minute. During operation, fiber in the stock slurry is refined as it passes 
between the discs 132, 134, 136, and 138. 

FIG. 5 schematically depicts the refiner 32 and includes a fiber delivery system 
10 146 for delivering fibrous matter or fiber to be refined 1 50 to each inlet 1 14a and 1 14b of 
the refiner 32. The fibrous matter or fiber 148 can be in the form of wood chips, pulp, 
fabric, or another fiber used in the manufacturing of products made from, at least in part, 
fiber. The fiber 148 preferably is carried by or entrained in a liquid to form a stock slurry. 
In the exemplary preferred embodiment shown in FIG. 3, the fiber 148 is 
15 transported along a fiber transport conveyor 1 50 that urges fiber (preferably in a stock 
slurry) along its length until it reaches an outlet that can be connected directly or 
indirectly to a refiner. In the embodiment shown in FIG. 3, the fiber transport conveyor 
150 has outlets 152 and 154 that are each connected to a metering conveyor 156 and 158. 
Each metering conveyor, in turn, is connected to one of the refiner inlets 1 14a and 1 14b. 
20 This arrangement advantageously enables mass flow to be separately and more precisely 
metered to each refiner inlet 1 14a and 1 14b of a double disc refiner or the like. This 
arrangement can also be used to distribute and meter fiber 148 to two, three, four, or more 
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refiners using a common conveyor 150 and a separate metering conveyor for each refiner. 

In one preferred embodiment, the fiber transport conveyor 1 50 includes an auger 
or screw 160 driven by a motor 1 62 that can be, for example, an electric motor or a 
hydraulic motor. The motor 162 can be controlled by the DCS 94 or directly controlled by 
5 control processor 34, if desired, in regulating mass flow. Where a metering conveyor is 
used, each metering conveyor 156 and 158 preferably includes an auger or screw 164 
driven by a motor 166. Each motor 166 of each metering conveyor 156 and 1 58 is 
controlled by the DCS 94 or by processor 34. 

As is shown in FIG. 3, trees 168 typically are processed into chips 148 that are 

10 transported by conveyor 150 to an outlet 152 or 154. Chips 148 pass from one of the 
outlets to one of the metering conveyors 156 or 158. The metering rate of each metering 
conveyor 156 and 158 is controlled by processor 34 to regulate the mass flow rate of 
stock entering each refiner inlet 1 14a and 1 14b, After being refined by the refiner 32, the 
refined fiber 170 can be transported to another refiner for further refining, a screen or 

15 other filter, or to the fiber processing machine, such as a paper machine, that processes 
the refined fiber 140 into a product. 

FIG. 6 depicts an exemplary segment 172 of a refiner disk that preferably is 
removable so it can be replaced, such as when it becomes worn. The segment 172 has a 
plurality of pairs of spaced apart upraised bars 174 that define grooves or channels 176 

20 therebetween. The pattern of bars 174 and grooves 176 shown in FIG. 6 is an exemplary 
pattern as any pattern of bars 174 and grooves 176 can be used. If desired, surface or 
subsurface dams 178 can be disposed in one or more of the grooves 176. 
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During refining, fiber in the stock that is introduced between opposed refiner 
disks is refined by being ground, abraded, or mashed between opposed bars 1 74 of the 
disks. Stock disposed in the grooves 176 and elsewhere between the disks flows radially 
outwardly and can be urged in an axial direction by dams 178 to further encourage 
5 refining of the fiber. Depending on the construction, arrangement and pattern of bars 174 
and grooves 176, differences in the angle between the bars 174 of opposed disks due to 
relative movement between the disks can repeatedly occur. Where and when such 
differences in angle occur, radial outward flow of stock between the opposed disks is 
accelerated or pumped. Where and when the bars 174 and grooves 176 of the opposed 

1 0 disks are generally aligned, flow is retarded or held back. 

Referring to FIG. 7, a portion of one refiner disk or a refiner disk segment 1 73 of 
refiner 32 contains a sensor device 70. The sensor device 70 includes at least one sensor 
capable of sensing at least one parameter in a refining zone during refiner operation. The 
sensed parameter can be used as the setpoint or can be used in its determination. In the 

1 5 embodiment shown in FIG. 7, the sensor device 70 is comprised of a sensor assembly 196 
that has a plurality of spaced apart sensors 180, 182, 184, 186, 188, 190, 192, and 194. If 
desired, the sensor assembly 196 can have at least three sensors, at least four sensors, at 
least five sensors and can have more than eight sensors. Preferably, at least one refiner 
disk of each refiner 32 being monitored by processor 34 is equipped with a sensor device 

20 70 and, where the refiner disc is segmented, the disc is equipped with at least one sensor 
segment 173. 

In the sensor disk segment embodiment shown in FIG. 7, the sensors 180, 182, 
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1 84, 1 86, 1 88, 1 90, 1 92, and 1 94 are carried by a bar 1 98 received in a radial channel or 
pocket in the face of the segment. The bar 198 can be, for example, frictionally retained, 
affixed by an adhesive, welded, or retained in the disk or disk segment using fasteners. 
Each sensor 180, 182, 184, 186, 188, 190, 192, and 194 has at least one wire (not shown) 
5 to enable a signal to be communicated from the sensor to the signal conditioner and/or a 
data acquisition device. Where the segment 173 is carried by a rotor 120, a slip ring (not 
shown) can be connected to the wires connected to the sensors 180, 182, 184, 186, 188, 
190, 192, and 194. Telemetry can also be used. 

In another preferred embodiment, FIG. 8 illustrates a different sensing assembly 

10 200 that includes a manifold-like fixture 202 that can have a plurality of outwardly 

extending and tubular sensor holders 204. In a preferred embodiment, there are no sensor 
holders as at least part of each sensor 180, 182, 184, 186, 188, 190, 192, and 194 is 
received in a bore 205 (shown in FIG. 8 in phantom) in the fixture 202. The fixture 202 is 
disposed in a pocket 208 (shown in phantom in FIG. 8) in the rear of the sensor refiner 

15 disk segment 173. 

When the disk segment 173 is assembled, each sensor 180, 182, 184, 186, 188, 
190, 192, and 194 is received in its own separate bore 210, 212, 214, 216, 218, 220, 222, 
and 224 such that an axial end of each sensor is exposed to the refining zone during 
refiner operation. Each sensor 180, 182, 184, 186, 188, 190, 192, and 194 is at least 

20 partially received in a spacer 206 that spaces the sensor from the surrounding refiner disk 
material. At least where the sensor is a temperature sensor, the spacer 206 is an insulator 
that thermally insulates the sensor from the thermal mass of the refiner disk segment 173. 
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A preferred insulating spacer 206 is made of ceramic, such as alumina or mullite. 

When assembled to the segment 173, an axial end of each sensor 180, 1 82, 1 84, 
1 86, 188, 1 90, 1 92, and 1 94 is disposed no higher than the axial surface 1 75 of the bars 
174 of the disk segment 173. Preferably, the axial end of each sensor 180, 182, 184, 186, 
5 1 88, 1 90, 1 92, and 1 94 is disposed at least about fifty thousandths of an inch below the 
axial surface 175 of the portion of the bar 174 adjacent the sensor. In one preferred 
embodiment, each sensor 180, 182, 184, 186, 188, 190, 192, and 194 is disposed at least 
one-hundred thousandths of an inch below the axial surface of the portion of the bar 174 
adjacent the sensor. 

10 When assembled, each sensor is telescopically received in one of the spacers 206, 

and the spacer 206 is at least partially telescopically received in one of the bores 205 in 
the fixture 202. Each sensor has at least one wire 226 that passes through one of the 
insulating tubes 206, one of the sensor holders 204, and through a hollow in the bar 202 
until it reaches outlet 228 located adjacent one end of the bar 202. Although not shown, a 

15 sealant, such as silicone or a high temperature refiner plate potting compound, can be 
disposed in a hollow 227 in the fixture 202 to protect the wires 226 and prevent steam 
and stock from leaking from the refining zone. In another preferred embodiment, the 
fixture 202 is eliminated and replaced by a high temperature potting compound that seals 
and holds the wires 226 in place. Where the fixture 202 is used, it preferably is anchored 

20 to the segment 1 73 by an epoxy or potting compound. 

In one preferred embodiment, at least one of the sensors 180, 182, 184, 186, 188, 
190, 192, and 194 is a temperature sensor, such as an RTD, a thermocouple, or a 
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thermistor. Where measurement of absolute temperature in the refining zone is desired, a 
preferred temperature sensor is a platinum RTD that has three wires. 

Where only the relative difference in temperature is needed, other kinds of 
temperatures sensors can also be used. Suitable examples include platinum RTD 
5 temperature sensors; nickel, copper, and nickel/iron RTD temperature sensors; and 
thermocouples, such as J, K, T, E, N, R, and S thermocouples. 

In another preferred embodiment, each of the sensors 180, 182, 184, 186, 188, 
190, 192, and 194 is a pressure sensor, such as a ruggedized pressure transducer, which 
can be of piezoresistive or diaphragm construction and that is used to sense pressure in 

10 the refining zone. An example of a pressure transducer that can be used is a Kulite XCE- 
062 series pressure transducer marketed by Kulite Semiconductor Products, Inc. of One 
Willow Tree Road, Leonia, New Jersey. 

In still another preferred embodiment, the sensing assembly 196 or 200 is 
comprised of a combination of pressure and temperature sensors. For example, sensing 

15 assembly 1 96 or 200 can be comprised of a single temperature sensor that senses 

temperature in the refining zone and a single pressure sensor that senses pressure in the 
refining zone. The sensing assembly 196 or 200 can also be comprised of a plurality of 
temperature sensors and a plurality of pressure sensors that sense temperature and 
pressure at different locations in the refining zone. 

20 FIGS. 9-11 are directed to a method of controlling refiner operation. It has been 

long been assumed that a constant feed screw speed results in a constant volumetric flow 
rate of stock into a refiner and that a constant stock volumetric flow rate produces a 
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constant mass flow rate of fiber into the refiner. However, it has been discovered that the 
fiber mass flow rate can vary even when the feed screw speed and volumetric flow rate of 
stock remain constant. It is believed that these variations in fiber mass flow rate that 
occur when the feed screw speed is constant are caused by variations in the density of the 
5 fiber in the stock, namely changes in wood density, by variations in chip size, by 

variations in chip moisture content, by feed screw wear over time, by process upsets that 
occur upstream of the refiner, and by other reasons that are often specific to the mill in 
which the refiner is installed. 

It is thus believed that these variations are caused by changes in consistency of 

10 stock entering the refiner. A method of this invention measures consistency near or in the 
refining zone. Consistency measurement can then be used to adjust mass flow to help 
keep the consistency of stock entering the refiner constant or nearly constant. For 
example, where and when variations occur, changes can be very quickly made to stock in 
the refining zone to make the consistency of stock in the refining zone more constant or 

15 closer to a desired consistency setpoint. One preferred way of making a change is to 
adjust the flow of dilution water. Another preferred way is to change feed screw speed. 

In one preferred control method, refiner operation is affected by controlling the 
volumetric flow rate of stock entering the refiner in accordance with determined 
consistency (process variable) that preferably is based on, at least in part, at least one 

20 parameter that relates to conditions in the refining zone. Refiner process control is 
achieved by adjusting the volumetric flow rate of stock in response to changes in 
consistency relative to its setpoint. 
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By regulating the volumetric flow rate of the stock to keep the fiber mass flow 
more stable, the fiber bundles in the stock are impacted with a more constant specific 
energy. This leads to more consistent refining intensity, which greatly reduces variations 
in motor load and pulp quality. Because variations in motor load are reduced, less energy 
5 is used during refining. 

In another preferred control method, refiner operation is affected by controlling 
the flow rate of dilution water entering the refiner in accordance with measured 
consistency that preferably is also based on, at least in part, at least one parameter that 
relates to conditions in the refining zone. Refiner process control is achieved by adjusting 
1 0 the rate of flow of dilution water in response to changes in consistency relative to its 
setpoint. 

When either or both control methods are implemented in a primary refiner, 
variation in pulp quality measured as freeness, long fiber content, shives, etc. (CSF) can 
be reduced, the occurrence of shives can be reduced, load swings can be decreased, 

15 clashing of refiner disks can lessen, and a more uniform fiber distribution preferably is 
produced. When implemented in a secondary refiner, refiner load is more stable, the 
energy required for a given CSF target can be reduced, and the reject rate can be 
decreased. The result is lower Kraft usage and more consistent pulp quality that produces 
a fiber product with better and more consistent tear, tensile, burst, and drainage 

20 characteristics. 

FIG. 9 is a graph with a line 230 that shows a generally linear correlation between 
a process variable and the volumetric flow rate of stock entering the refiner. In the case of 
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the graph shown in FIG. 9, the process variable is a temperature in the refining zone. The 
correlation strongly shows that, with all else remaining the same, the temperature in the 
refining zone substantially linearly increases with increasing volumetric flow rate of the 
stock resulting from increasing the speed of the feed screw. This correlation also holds 
true for pressure in the refining zone, as well as for the temperature at the refiner inlet and 
outlet. 

There is also a generally linear correlation between the dilution water flow rate 
and consistency. As dilution water flow rate is increased, consistency decreases and vice 
versa. 

FIG. 10 is a second graph of a pair of curves that depicts an inverse relationship 
between a process variable 232 and volumetric flow rate 234. Li the case of the graph 
shown in FIG. 10, the process variable is temperature. FIG. 10 illustrates that when 
temperature drops, it can be increased by increasing the speed of the feed screw to 
increase the volumetric flow rate of stock entering the refiner. If it is assumed that the 
consistency of the stock entering the refiner remains constant, increasing the volumetric 
flow rate will generally increase the temperature (and pressure) in the refining zone and at 
the refiner inlet and the refiner outlet. 

FIG. 1 1 is a third graph of a pair of curves that shows the relationship between the 
flow rate of dilution water 238 and a process variable 240 that preferably is a refining 
zone temperature. As dilution water flow rate is reduced, the temperature in the refining 
zone rises and vice versa. Thus, dilution water flow rate can be controlled to regulate 
refiner temperature. Dilution water flow rate can be controlled in addition to or in 
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combination with the feed screw speed. 

FIG, 12 schematically depicts a preferred embodiment of the refiner control 
method 236. During operation, the processor 34 monitors refiner operation and obtains a 
process variable 242. 

5 During operation, the processor 34 monitors a number of refiner parameters 

including main motor power, dilution water flow rate, and refiner disk pressure (hydraulic 
pressure). At least one of other parameter that is monitored is a parameter that relates to 
D conditions in the refining zone. One preferred parameter is a temperature in the refining 

[2 zone that can be an absolute temperature. Another preferred parameter is a pressure in the 

ill 10 refining zone that can be an absolute pressure. If desired, other parameters can also be 

fU monitored including refiner inlet and outlet temperatures and/or pressures. If desired, 

|3 pressures and temperatures can both be monitored. 

j~ In one preferred embodiment, the process variable is a monitored parameter, such 

|T as a refining zone temperature and pressure. The process variable can also be a refiner 

15 inlet or outlet temperature or pressure. In another preferred embodiment, the process 
variable is calculated using one of these monitored parameters. 

In step 244, the process variable is compared with the setpoint to determine 
whether to adjust the volumetric flow rate of stock in step 246. In one preferred 
implementation, the process variable is compared with the setpoint, and the volumetric 
20 flow rate is adjusted up or down depending on whether the process variable is greater 
than or less than the setpoint. 

Referring to FIG. 13, in another preferred implementation, the process variable is 



t 
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compared with the setpoint and the volumetric flow rate is adjusted if the process variable 
falls outside a first band 248 that lies above the setpoint and a second band 250 that lies 
below the setpoint. Where the process variable falls outside band 248, such as where 
indicated by reference numeral 252, the volumetric flow rate of stock is increased or 
5 decreased to bring the process variable back within the band. Likewise, where the process 
variable falls outside band 250, such as where indicated by reference numeral 254, the 
volumetric flow rate of stock is conversely increased or decreased to bring the process 
variable back within the band. 

FIG. 14 depicts an implementation of the control method where a new setpoint is 

10 determined at step 256 when it has been determined that refiner operation has been 

changed in step 258. For example, should an operator change some particular aspect of 
refiner operation, a new setpoint will be determined. A new setpoint will also be 
determined if the aspect of refiner operation that was changed was done so automatically. 
For example, where there is a DCS linked to the refiner, the DCS can change some aspect 

1 5 of operation, such as main motor speed, that will cause a new setpoint to be determined. 

After the new setpoint has been determined, at step 256, the controller 236 will 
resume obtaining the process variable and the rest of the algorithm shown in FIG. 14 will 
be carried out. To permit the refiner operation to stabilize, preferably, some time passes 
before the new setpoint is determined. 

20 FIGS. 15 and 16 illustrates a preferred method of determining a new setpoint. The 

first vertical line labeled reference numeral 260 represents when refiner operation has 
been changed. The second vertical line labeled reference numeral 262 represents when 
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the refiner operation has stabilized after the change, and the new setpoint has been 
determined. Referring to FIG. 16, in one preferred implementation, the process variable is 
obtained in step 264, and the process variable obtained is analyzed to determine whether 
its magnitude over time has stabilized in step 266. In determining whether refiner 
5 operation has stabilized, successive process variables are analyzed to determine whether 
their change in slope is less than 5%. In another method of determining whether refiner 
operation has stabilized, each process variable of a current cycle is compared to its value 
from the prior cycle for a number of cycles that can be two cycles in number, three cycles 
in number, or more. If the absolute value of the average of the current process variable 

10 value and its prior value for at least two cycles is compared, the process will be deemed 
converged, i.e., steady state, if the averages fall within some acceptable tolerance. For 
example, where three consecutive temperatures are 171.5°, 170.5°, and 170.0°, and the 
tolerance 0.5°, convergence will not have occurred because the absolute value of the 
averages will not have fallen with the 0.5° tolerance. In another example, where the three 

15 consecutive temperatures are 170.5°, 170.0°, and 170.0°, and the tolerance 0.5°, 

convergence will have occurred because the absolute value of the averages will have 
fallen with the 0.5° tolerance. When it has been determined that refiner operation has 
stabilized, the controller is released, and its control over mass flow resumes. 
FIG. 17 illustrates another flow chart of another preferred controller 

20 implementation. If it is determined in step 244 that an adjustment to mass flow is needed, 
the volumetric flow rate of the stock entering the refiner 32 is adjusted in step 268. For 
example, if the process variable has dropped below the setpoint such that adjustment is 
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needed, the volumetric flow rate of stock entering the refiner 32 can be appropriately 
increased or decreased. If the process variable has risen above the setpoint such that 
adjustment is needed, the volumetric flow rate of stock entering the refiner 32 can be 
appropriately conversely increased or decreased. 
5 As an example, where the process variable is a refiner temperature, such as 

temperature in the refining zone, the volumetric flow rate will be increased if the 
temperature has risen far enough from a setpoint temperature such that adjustment is 
needed. The volumetric flow rate will be decreased if the temperature has dropped far 
enough below the setpoint temperature such that adjustment is needed. 
10 Changing the volumetric flow rate preferably is accomplished by speeding up or 

slowing down the feed screw. Increasing the feed screw speed will increase the 
volumetric flow rate, and decreasing the feed screw speed will decrease the volumetric 
flow rate. 

In some instances, changing the volumetric flow rate of stock entering the refiner 
15 will not have the desired affect of converging the process variable to its setpoint. This 
failure can be caused by changes in the mass flow rate of fiber entering the refiner that 
occur independently of the volumetric flow rate of the stock. It is believed that this occurs 
because the density of the fiber in the stock has changed, chip size has changed, chip 
moisture content has changed, the feed screw has become worn over time, process upsets 
20 have occurred upstream of the refiner that affect fiber mass flow, or due to other reasons 
that are often specific to the mill in which the refiner is installed. 

To account for the possibility of the fiber mass flow rate changing independent of 
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the volumetric flow rate of the stock, step 270 determines whether the process variable 
continues to diverge from the setpoint despite the volumetric flow rate of the stock having 
been adjusted in step 268. If it is determined that the process variable is diverging from 
the setpoint too much, the flow rate of the dilution water is adjusted in step 272. 
5 For example, where the process variable continues to diverge despite adjustment 

of the stock mass flow rate by a certain amount or by a certain percentage, the dilution 
water flow rate will be changed. For example, if the process variable continues to diverge 
and goes outside of an acceptable band, the dilution water flow rate can be changed. 
Hence, if the process variable is greater than or less than the setpoint by a certain 

10 percentage, such as 5%, the dilution water flow rate can be adjusted. 

The dilution water flow rate is increased or decreased depending on the direction 
of convergence of the process variable. Where the process variable is a refiner 
temperature, such as a temperature in the refining zone, the dilution water flow rate is 
increased if the temperature increases above the setpoint and continues to diverge from 

15 the setpoint such that dilution water flow rate adjustment is needed. Conversely, the 
dilution water flow rate is decreased or stopped if the temperature decreases below the 
setpoint and continues to diverge unacceptably from the setpoint. This relationship also 
holds true for refiner pressure, such as a pressure in the refining zone. 

FIG. 1 8 illustrates a still further preferred implementation of the control method. 

20 A first process variable is obtained in step 242. It is determined whether refiner operation 
has changed in step 258. If so, control is put on hold in step 274 until refiner operation 
stabilizes. Step 258 is not order dependent and can be performed anytime during 
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execution of the control algorithm depicted in FIG, 18. 

The first process variable and/or a second process variable can both be monitored 
to determine when one, the other, or both have reached a steady state value, such as in the 
manner depicted in FIGS. 15 and 16. When it has been determined that one or both 
process variables have reached a steady value, the steady state value is taken as the new 
setpoint and control resumes. 

If refiner operation has not changed, the first process variable is compared against 
its setpoint in step 244 to determine whether the volumetric flow rate of stock entering 
the refiner should be adjusted. If so, the volumetric flow rate of the stock is changed in 
step 266. If not, the control algorithm branches to step 242 where the first process 
variable is once again obtained. 

If the volumetric flow rate of the stock has been adjusted, a second process 
variable is obtained in step 276. If desired, both process variables can be determined at 
the same time or in a common control algorithm step. 

The second process variable is compared against its setpoint in step 278 to 
determine whether an additional mass flow rate adjustment is needed. If so, the additional 
flow rate adjustment is performed in step 280. Preferably, the flow rate adjustment 
performed is an adjustment of the flow rate of dilution water to the refiner. If no flow rate 
adjustment is required, the control algorithm returns to obtain one or both process 
variables. 

The control algorithm implementation depicted in FIG. 19 is similar to the control 
algorithm depicted in FIG. 18 except that the second process variable is compared against 
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its setpoint in step 278 even if it has been determined that no mass flow rate adjustment is 
needed in step 244. This arrangement enables, for example, two control loops to be 
executed at the same time. It also enables two completely independent control loops to be 
used. 

5 In one preferred implementation of the control algorithms depicted in FIGS, 1 8 

and 19, the first process variable preferably is a refiner temperature or a refiner pressure 
and the second process variable preferably is consistency. Where refiner temperature 
and/or pressure are used as a process variable, a temperature or pressure in the refining 
zone preferably is obtained. 

10 FIG. 20 illustrates a control block diagram of a preferred controller 274 that can 

be used with any of the preferred implementations previously discussed. While the 
controller can be a proportional controller, it preferably has at least a proportional 
component and an integral component. Where it is desirable to, for example, use 
feedforward control, the controller 274 can also have a derivative component. 

15 At summing junction 282, the setpoint at the selected set of refiner operation 

conditions is summed with a process variable from a feedback loop 284 that is obtained 
from some parameter relating to the process 286 being controlled, namely refiner 
operation. The result of the summing junction produces e, which is set forth below: 

e = SP-PV (Equation I) 

20 where e is the error, SP is the value of the setpoint, and PVis the value of the process 
variable. 
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The equation that expresses the controller action is as follows: 

1 * de 

u(t) =K e (e +—^edt + T d -~) (Equation II) 

l i 0 at 

where u(t) is the controller output, K c is the controller gain, 7* is the integral time constant 
in minutes, and Td is the derivative time constant in minutes. The proportional action of 
the controller can be expressed by the equation: 

Up (t) = K c e (Equation III) 

where u p (t) is the output of this portion of the controller. The integral action of the 
controller can be expressed by the equation: 

t 



Ul (t) = —\ edt (Equation IV) 

±l 0 

10 where u\(t) is the output of this portion of the controller. Where present, the derivative 
action of the controller can be expressed by the equation: 

de 

u D it) = K c T d — (Equation V) 

dt 

where u D (t) is the output of this portion of the controller. 

The controller output, u(t) 9 gets communicated as a control signal to the particular 
15 component being regulated by the controller. For example, where the component being 
regulated is the volumetric flow rate of stock, the control signal can be sent directly to a 
feed screw motor or motor controller that controls the feed screw speed. Where the 
system includes DCS, the signal preferably is sent to the DCS and causes the DCS to 
adjust the feed screw speed. Where the component is dilution water flow rate, the signal 
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can be sent directly to a dilution water pump motor or motor controller that controls the 
dilution water pump. Where the system includes a DCS, the signal preferably is sent to 
the DCS and causes the DCS to adjust the dilution water flow rate. If desired, the output, 
u(t) 9 can be processed further to produce the control signal or otherwise used in obtaining 
5 the control signal. 

Because each refiner, stock system arrangement, and fiber processing plant is 
different, it is believed very likely that the controller will have to be tuned for the 
particular refiner it will be used to control. One preferred tuning method subjects the 
refiner to a step input and analyzes the response. More specifically, the controller is tuned 

10 to determine the controller gain, K c , the integral time constant, T h and, where a derivative 
component is used, the derivative time constant, by analyzing system response in 
response to a step input. In one preferred controller, the controller is a proportional- 
integral controller that has no derivative control component. 

For example, where the controller output, u(t), is used to control the volumetric 

15 flow rate of stock entering the refiner and the refiner temperature is the process variable, 
the parameters K c , T& and T h can be determined by increasing the volumetric flow rate of 
stock by a step input of a specific magnitude and then monitoring how fast it takes for the 
refiner temperature to begin increasing, as well as how long it takes until before the 
temperature reaches a steady state condition and its magnitude at steady state. This 

20 information is used in determining the dead time, T DEALh of the system, the time constant, 
T h the process gain, K, and the controller gain, K c . The dead time, T DEAD9 is used to 
determine the controller gain, K c , and can be used to determine the time constant, T t . 
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Where the output, u(t), is used to control the dilution water flow rate entering the 
refiner and consistency is the process variable, the parameters K c , and 7}, can be 
determined by increasing the dilution water flow rate by a step input of a specific 
magnitude and then monitoring how fast it takes for the consistency to begin decreasing, 
5 as well as how long it takes until before the consistency reaches a steady state condition. 
The magnitude of the consistency at steady state is also determined. This information is 
used in determining the dead time, T DEAD , of the system, the time constant, the process 
□ gain, K, and the controller gain, K c . 

; ^ In one preferred embodiment, the process variable is refiner temperature and the 

rH 10 output of the controller is used to set the speed of the feed screw to control the flow rate 

rj of stock entering the refiner. The controller must be tuned for the specific refiner and 

O fiber processing plant in which the refiner is installed. 

[i In one preferred method of tuning the controller, the system dead time, T DE4D9 the 

^ time constant, T u of the system, and the process gain, K, are determined. In tuning the 

15 controller, the refiner is operated normally at a particular set of operating conditions until 
steady state operation is achieved. Referring to FIG. 15, where the feed screw speed is the 
controlled variable 288, the speed is then adjusted upwardly or downwardly by an amount 
(represented by the step in FIG. 15) that preferably is measured. Then, the time it takes 
from the moment of the adjustment for the change in feed screw speed (controlled 
20 variable) until temperature (process variable) is affected is measured. This amount of 
time, the lag between changing the output and the change affecting the process variable, 
is the dead time, T DEAD . 
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Where refiner temperature is the process variable and the feed screw speed is 
being controlled, T DEAD can be as little as one second to as much as about two minutes, 
depending on the refiner, how far the feed screw is located from the refiner, and other 
factors. Typically, T DEAD is between about five seconds and about fifty seconds. Where 
5 consistency is the process variable and the dilution water flow rate is being controlled, 
T D ead is less and typically is between one half second and five seconds. 

Referring once again to FIG. 1 5, the time constant, 7}, is determined by measuring 
the time it takes for the process variable to reach about 2/3 (about 63.2%) of the 
difference between its minimum value and its maximum steady state value. Where 

10 temperature is the process variable and volumetric flow rate (feed screw speed) is the 
controlled variable, the time constant, T u ranges between 0.3 minute and 1.1 minute. 
Typically, the time constant, 7*, ranges between about 0.4 minute and about 0.75 minute. 
Where consistency is the process variable and dilution flow rate is the controlled variable, 
the time constant, T h is smaller and typically less than about 0.3 minute. 

15 The controller gain, K& is determined or selected. K c preferably ranges between 

about 0.25 and about 2. Where the controller is a PID controller, the derivative time 
constant, can be set approximately equal to a rate of change of the process variable 
after the dead time has passed but before it has reached steady state. 

In one preferred method of determining K c , the process gain, K, is first determined 

20 and then used, along with the dead time, T DEA j» and the time constant, T h to determine K c . 
Referring to FIG. 15, K is the ratio of the change (or percent change) in the magnitude of 
the step input over the change (or percent change) in the magnitude of the output, i.e. 9 
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max - mm. 

Where the controller is a PI controller, the following equation can be used to 
determine the proportional band, PB, in percent: 

KT 

PB = U 0 DEAD (Equation VI) 

5 The coefficient of 1 1 0 can be varied depending on the characteristics of the controller 
desired. The controller gain, Kc, is then determined using the following equation: 

K c =~ (Equation VII) 

Where this method is used, the following equation can be used to determine the time 
constant, T iy in minutes: 
10 T t = 3.337^ (Equation VIII) 

Where the controller is a PID controller, the following equation can be used to 
determine the proportional band, PB, in percent: 

KT 

PB = 80 DEAD (Equation IX) 

The coefficient of 1 1 0 can be varied depending on the characteristics of the controller 
15 desired. The controller gain, Kc, is determined in the manner set forth above in Equation 
VII. The following equation can be used to determine the integral time constant, T h in 
minutes: 

7: =2.007^ (Equation X) 

The following equation can be used to determine the derivative time constant, T& in 
20 minutes: 
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7> 0.507^ (Equation XI) 

FIG. 21 depicts a pair of the controllers 274 that control the same refiner. The 
process of the refiner being monitored in one controller arrangement, referred to by 
reference numeral 290, is an actual refiner temperature, preferably a temperature in the 
5 refining zone. Where there is more than one sensor, such as sensors 78, 180, 182, 184, 
1 86, 1 88, and 190, from which an actual refining zone temperature can be obtained and 
used as the process variable 284, the refining zone temperature can be an average 
temperature, the temperature of a single selected sensor, or a temperature of the refining 
zone obtained using another method. 

10 The actual temperature is summed at 282 with a desired temperature setpoint to 

obtain the process error value, e. The process error value, e, is fed into the controller 274. 
The controller 274 outputs a signal that is used to regulate the speed of the feed screw to 
regulate the volumetric flow rate of stock entering the refiner. Where the actual 
temperature has risen above the desired temperature, the controller 274 will output a 

1 5 signal 292, labeled "Production Feed/Control" in FIG. 2 1 , that will decreases the speed of 
the feed screw to lessen the volumetric flow rate. Where the actual temperature has 
dropped below the desired temperature, the controller 274 will output a signal 292 that 
increases the speed of the feed screw to increase the volumetric flow rate. 

The process variable of the refiner being monitored in the other controller 

20 arrangement, referred to by reference numeral 294, is a consistency measurement, 

referred to in FIG. 21 as "Actual Consistency." The measured consistency is summed at 
282 with a desired consistency setpoint to obtain the process error value, e. The process 
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error value, <?, is fed into the controller 274. The controller 274 outputs a signal 296 that is 
used to control operation of the dilution water pump to regulate the flow rate of dilution 
water entering the refiner. Where the measured consistency has risen above the desired 
consistency, the controller 274 will output a signal 296, labeled "Dilution" in FIG, 21, 
5 that will increase the dilution water pump output to increase the dilution water flow rate. 
Where the actual consistency has dropped below the desired consistency, the controller 
274 will output a signal 296 that decreases or stops the dilution water pump to thereby 
reduce the dilution water flow rate. 

In another preferred method, the measured consistency is the process variable and 

10 the controller output is a control signal that controls or is used to control the feed screw 
speed to control the volumetric flow rate of stock entering the refiner. In a still further 
preferred method, at least one measured temperature, e.g., the actual temperature, in the 
refining zone is the process variable and the controller output is a control signal that 
controls or is used to control the flow of dilution water. 

15 Where the refiner is a twin refiner, the first controller arrangement 290 preferably 

is used to control the volumetric mass flow rate of stock entering a primary refiner of the 
twin refiner. The process variable measured is temperature in a refining zone of the 
primary refiner. The second controller arrangement 294 is used to control the flow rate of 
dilution water into a secondary refiner of the twin refiner. The process variable measured 

20 is the consistency of the stock at the output of the primary refiner or the inlet of the 

secondary refiner of the twin refiner. Where consistency is measured in the refining zone, 
it can be measured in a refining zone of the primary refiner or the secondary refiner. 
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Where consistency is measured in a refining zone of the secondary refiner, it preferably is 
measured adjacent where the stock enters the refining zone. 

Where consistency is the process variable, the consistency is measured of the 
stock entering the refiner. In such an instance, temperature and/or pressure sensor(s) 
5 preferably are located in the refiner such that it can measure the consistency of the stock 
before or when it enters a refining zone or when it is in a refining zone. 

Referring additionally to Figs. 23-30, in one preferred method of measuring or 
determining consistency, refiner temperature or pressure measurements are used along 
with measurements of other refiner parameters to measure consistency. This novel 
10 method of determining consistency and system used to determine consistency is based on 
an application of mass and energy balance to the pulp as it flows through the refiner 32. 
Moisture in the refiner 32 is assumed to be an equilibrium mixture of water and steam, 
and the temperature (and therefore, pressure) of the water-steam mixture is assumed to 
vary with radial position in the refiner 32. Steam is assumed to be saturated throughout 

15 the refining zone. 

The inputs required for the computation of consistency include the temperature 
within the refiner zone (or pressure), the distribution of the motor load (specific power) 
within the refining zone, and an initial consistency. Initial consistency can be an assumed 
value or provided in a conventional manner. In one preferred implementation, initial 
20 consistency is an estimated value. As an output, consistency is provided as a function of 
radial position in the refiner. 

The consistency determination procedure set forth below is well suited for use in 
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controlling refiner operation, since the refining zone temperature, refiner load, dilutions, 
hydraulics and other refiner parameters are measured in real time. Using this method of 
determining consistency in real time, monitoring and/or controlling refining zone 
consistency as a function of both time and space (e.g., location in the refining zone) can 
5 be done. Consistency can be quickly measured in no more than five minutes and 
preferably is measured in real time. In one preferred embodiment, consistency is 
measured a plurality of times a second and preferably at a rate of twenty times a second. 
□ A challenge in the refining industry is that quality needs to be improved and 

fft production costs need to be reduced. This has been true for the TMP process almost 

J 10 since its introduction some 30 years ago. However, today the challenge that lies ahead for 
St the TMP process is even more real because of the increased supply of DIP, its relatively 

p low value, and the restructuring of the market place. The reality is that only the strongest 

IU and most efficient installations will survive as the 21 st century begins. 

Efficiency can be improved significantly by reducing the variation in important 
15 process parameters such as applied specific energy. By reducing the variations in the 
process, the resulting variations in pulp and paper quality will be reduced as well. 

The advancement in computer technology and computational techniques has 
furthered knowledge of the refining process. Using proprietary software in conjunction 
with specially developed sensors, a refining modeling technology has been developed 
20 which is based on fundamental laws. 

This technology is now used in real time for control purposes, and with the use of 
the above identified sensor refiner plate 173, an example of which is shown in FIG. 7, 
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with one or more embedded sensors 180-194, significant process improvements are 
achieved. 

Using a method and system of this invention, temperature and/or pressure 
measurements can be made and preferably are made in real time. Preferably, 
5 measurements can be made at a rate of at least one every five minutes and preferably a 
plurality of times per second or faster. Using a method and system of this invention, 
control changes can be made and preferably are made to the refiner 32 in real time. 
Preferably, they can be made at a rate of at least one every five minutes and preferably 
faster. For example, in one preferred embodiment, real time control of the refiner 32 is 
10 achieved. Preferably, the system and method enables a plurality of the aforementioned 
setting changes to be made per second and as fast as at a rate of about twenty hertz. 

A refiner control method of this invention reduces the process and quality 
variations in commercial size disc refiners. The theory behind the control system will be 
explained first, followed by a system description. The discussion concludes with a 
15 discussion on the impact of important process parameters on the resulting pulp quality. 

The concept of control system shown in the drawing figures is to enhance the 
performance of a disc refiner 32 through controlled refining operation. See, e.g, FIGS. 1- 
5, 7, 12-22, and 27. This is accomplished by expanding existing refiner plate technology 
to include sensors, which can be used to describe and control the refining conditions as a 
20 function of time and space (e.g., location). 

The key to understanding the process of mechanical pulping in refiners is through 
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an analysis of how the power supplied to the refiner 32 is transferred to the wood and the 
water it contains. FIG. 23 illustrates how mechanical power is transferred to wood and 
water in the refining zone 304 through the geometry of a pair of refiner plates 136, 138. 
FIG. 23 also graphically depicts equivalent elastic strain that the refiner plates 136, 1 38 
5 impart to fiber 304 being refined in the refining zone 306. 

A precise macroscopic analysis would require a precise energy budget. This 
implies that a precise accounting of the total energy supplied to the refiner must be made 
in terms of the difference in the energy content of the wood, steam and water entering and 
leaving the refiner 32. This is not an easy task given that energy can be stored in various 
10 forms. 

Despite these seemingly very difficult obstacles, a few simplifying, and not 
unreasonable, assumptions can make the application of the energy principle practically 
feasible. These assumptions have their basis in the pulping process, and therefore an 
explanation of the assumptions is provided below. 
15 Broadly speaking, the energy stored in the wood and the water/steam is of three 

forms: 

(a) Kinetic energy. Kinetic energy is the energy a system has by virtue of the bulk 
(macroscopic) motion of its constituents. During steady state refiner operation, 
throughput is constant (short term) and consequently the change in kinetic energy of the 
20 wood and water across the refiner is an unimportant contribution. Moreover, feed rates 
are such that the velocity of the wood and water are small enough that they store an 
insignificant amount of kinetic energy. The significant source of kinetic energy is that 
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present in the steam that leaves the refiner. This kinetic energy however is generated 
through conversion of the internal and potential energy of the produced steam. Therefore, 
kinetic energy preferably can be neglected in an energy budget that accounts for the 
production of steam. 

5 (b) Potential energy. Potential energy is the energy present in the system by virtue 

of its position relative to a force field. Potential energy comes in various forms. The least 
important form is gravitational potential energy, which can straightaway be neglected 
because elevation change in the entire process is negligible. Strain energy is the elastic 
energy stored in a body when it has been deformed under the action of applied forces. 

10 This energy is completely recovered when the applied forces are removed. A strong case 
can be made for neglecting the potential energy in the system because it has very non- 
linear behavior and, like metals, exhibits permanent deformation when compressed 
beyond a certain point. 

When wood is compressed, initial stress-strain behavior is linear. The energy 

15 stored during this period is strain energy and is recoverable. When the load is high 

enough, a form of yielding occurs and the stiffness of the wood decreases. FIG. 24 is a 
typical load-deflection (stress-strain) curve for wood and it shows that only a small 
portion of the energy is actually lost. FIG. 24 illustrates the following relationship: as the 
refining gap is reduced, both stress and strain increase. It also illustrates that hysteresis 

20 occurs. 
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Therefore, when wood is crushed it is fair to assume that only a small portion of 
the energy supplied can be recovered. 

Since wood, like ductile metals, is relatively tough in compression, it can be 
concluded that only a small amount of the energy supplied to compress the wood will be 
5 stored as surface energy. On the basis of the above arguments, both the strain energy and 
surface energy preferably can be neglected. 

Water too can have strain energy, but since it is in a freely flowing environment, 
rather than an enclosed environment, it is unlikely to contain much strain energy. 

Thus, the potential energy of a system consisting of the wood chips and water can 
10 be neglected. 

Internal energy is the energy associated with 'heat' and is the energy that a system 
has by virtue of its temperature. Internal energy is commonly called heat and is 
manifested in a temperature rise in the system. 

In the pulping process, there are likely to be only small increases in kinetic and 

15 potential as explained above. Therefore, in accordance with the first law of 

thermodynamics, the work done by the refiner 32 must increase the internal energy of the 
system or be dissipated as heat. In a refiner 32 there is little scope for heat dissipation 
because of the tremendous rate at which energy is supplied to the refining zone 306. 
Actually, direct observation indicates that most of the "heat dissipation" occurs when 

20 steam generated during pulping leaves the refining zone 306. 
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Thus, the key conclusion that may be drawn from the argument presented above is 
that most of the work done by the refiner 32 is converted to internal energy of the wood- 
and-water system before it leaves the refining zone 306. 

The internal energy comes from two main components of the work done by the 
5 refiner. These are (1) the work required for permanent deformation of the wood and (2) 
the work done to overcome friction in all its forms (wood against wood, viscous 
resistance offered by the water, refiner segments against wood and water etc). A smaller 
contribution is made by the inherent viscoelastic and viscoplastic nature of the wood 
itself. 

10 Thus, the end result is an increase in the temperature of the system because of the 

increase in internal energy. FIG. 25 illustrates a typical temperature profile in the refining 
zone in a single disc high consistency refiner. 

Typically, the temperature in high consistency refiners rises enough that the 
moisture in the wood is converted to steam, making the pulp drier than the incoming 
15 chips. The steam generated is confined to the cramped refining zone and therefore its 
pressure builds up, which leads to an associated rise in temperature. 

The principle of conservation of energy, also called the first law of 
thermodynamics states: 

Q + W = AKE + APE + AU (Equation XII) 
20 This law applies to a closed system, i.e., a system with constant mass. Q is the heat 

transferred to the system, FT is the work done on the system, KE is the kinetic energy, PE 
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is the potential energy, Uis the internal energy, and the A symbol represents change or 
increment. 

Using the argument from the previous section, the first law can be approximated 
for the wood-water system in the refiner 32. The changes in kinetic and potential energy 
5 are small relative to the internal energy and the heat transferred to/from the system is 
small compared to the work done by the refiner. This gives 

W = AU (Equation XIII) 

In a process or flow-based system, it is much more convenient to operate in terms 

of time rates of change of work, heat and energy. Thus, if the power supplied to the 

10 refiner 32 is P, then the work done by it in a time increment At is PAt and the change in 

internal energy of the wood-water system will be 

PAt = AU 

AU (Equation XIV) 

~~At 

As time approaches zero, a true rate equation is obtained: 

P = — = U (Equation XV) 

dt 

15 Technically, Equation XV applies to the pulping process, but it cannot be applied 

directly because the refining zone 306 is an open system, defined by a fixed volume in 
space with material crossing the boundaries of the volume. Such an open system is also 
called a control volume. In order to use it, two corrective terms need to be added to 
account for the influx and outflux of energy across the boundaries of the refining zone. 

20 The corrected equation is: 



4 
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P + U in =U + U out (Equation XVI) 

The subscripts in and out refer to influx and efflux respectively. £/ now represents the 

internal energy within the refining zone 306. The equation above is applicable to any 
open system and this includes an open system of infinitesimal dimensions. 
5 After putting the terms above in the energy equation and neglecting products of 

infinitesimals, it is reduced to the form: 



ImWdr = 2nrLm s dr 4- mH s dT + 
1-C 

m—HjdT + 2wm s HiTdr + (Equation XVII) 



10 



C 

mHiTd 



1-C 

c 



The last two terms in the equation above sum to zero because of conservation of 
mass. The remaining terms can be rearranged to give 



1 

s L 



w- m 



2/zr 



dT 



dr 



(Equation XVIII) 



Thus, the application of mass and energy conservation to the open system 
containing moist wood yields two equations for the consistency and the steam production 
rate, respectively, in the refining zone 306. These equations are: 



dr m 

\(- 



m s = 



W 



m 



2tzt 



H s + 



1-C 
C 



H 



dT 



(Equations XIX and XX) 



dr 



15 The temperature and specific power can be obtained through direct measurement. 

FIG. 26 is a typical plot of the refining zone temperature as a function of radius. In the 
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segment 173 shown in FIG. 7, sensors at different radial positions provide the required 
information. 

Referring to FIG. 27, signals from the sensor segment 173 are fed into a PC 
computer, such as that depicted by reference numeral 38, for analysis and control. By 
5 attaching system 30" as a '^transmitter," all interlocks and logic are kept in the DCS 94. 
Keeping the interlocks on both sides (system 30" and DCS 94) ensures a fail-safe 
communication between the two. 

The system 30" used in determining consistency consists of four major 
components shown in FIG. 27. The system includes sensor segment 173, signal 
10 conditioners 86, a PC based control box 38, and a remote monitor/keyboard 48. The 
system 30" communicates with the mill DCS system 94 through analog and digital 
signals 92, just like other process transmitters. 

The refiner plates are equipped with a sensor array 70, which sends the process 
conditions to the signal conditioners 86, located in a electrical box outside the refiner 32. 
15 Analog signals (4-20 mA) are then fed to the PC control box 38, where the signals are 
analyzed and a new control output 92 is computed. The control output 92 from the 
system 30" arrives at the DCS as a remote setpoint, commonly referred to as a cascade 
mode. A user interface can be provided through a remote terminal 48, 

Referring to FIGS. 22 and 28, the operator retains total control of the refiner 32 
20 through a unique "hold" protocol between the DCS 94 and the system 30". 

If for example the operator would like to adjust the specific energy applied by 
reducing the amount of dilution water, the controller 274 of the system 30" is temporarily 
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put on hold. The hold is kept until a new steady state process value has been reached, and 
then the controller is released with this process value as a new set point. As a result of 
the "hold" function, the operator and the controller of the system 30" will not compete 
for the desired set points. The operator decision overrides the controller of the system 
5 30". 

The control loops used preferably are conventional PID controllers that are easily 
customized to fit specific needs. Several individual refiners can be controlled 
independently using the same system 30". 

Figure 29 is a typical graph of the refiner control system 30" operating in 

10 production control by maintaining a constant refining zone temperature distribution. The 
difference between control mode and manual mode is shown in the example of Figure 29 
as a dashed line. In control mode, the motor load is stable between 1 3.9-14. 1 MW over 
the period shown. For the same period, the refiner control system 30" varies the feed 
screw rate between 61.5% to 62.7%. The controller 274 needs to change the screw speed 

15 in order to maintain a set point of 178°C. Because refining zone temperature is constant, 
a constant motor load is maintained. Once the controller is switched to manual mode 
(constant feed screw speed), both motor load and refining zone temperature vary 
significantly. 

The change in raw material can clearly be seen in FIG. 30 when operation is 
20 observed over a longer period. 

Trials have also been conducted to investigate what impact the reduced variation 
in refiner operation has on the resulting pulp quality. Table 1 below lists the standard 
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deviation of CSF results in a study where two parallel Andritz TWIN 60 inch refiners are 
compared. Approximately 70 composite primary blow-line samples were collected over a 
48 hour period. 





Line A 


LineB 


A-B Difference 


Line B in manual 


11.7 


11.1 


5% 


Line B in control 


28.7 


3.7 


87% 



5 

Table 1 

The standard deviation of the blow line freeness was virtually identical when both 

primary refiners were operating in manual. Repeating the trial with line B in control 

however, reduced the variation by 87%. 
10 A refiner control system 30", which is based on fundamental physical laws, was 

described above. The consistency and the steam generated in a refiner 32 can be 

calculated by applying conservation of mass and energy. 

The application of these principles is based on the argument that a majority of the 

power input to the refiner 32 appears in the form of heat that raises the temperature in the 
15 refining zone and produces steam. As input, the method preferably requires an array of 

sensors 70 within the refining zone 306. 

By controlling the refining zone temperature the operating stability of the TMP 

system is greatly improved. As a consequence, the resulting freeness variation is 

significantly reduced. 

20 Mathematical theory and equations behind the method are disclosed below : 
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The model is based on the following two equations for conservation of mass and 
energy, respectively: 



dr m 

(Equation XXI) 



m = — 

s L 



W- 



m 



V 



2m" 



C 1 



dT 



dr 



(Equation XXII) 

The physical quantities that correspond to the variables in the above equations are listed 
in Table 2 below: 



Symbol 


Description 


Units 


C 


Consistency 


Dimensionless 


m s 


Specific steam generation rate 


kg/m 2 -sec 


m 


Dry wood throughput 


kg/sec 


R 


Radial position 


M 


L 


Latent heat of steam 


KJ/kg 


W 


Specific power 


KW/m 2 


H s 


Wood heat capacity 


KJ/kg-C 


Hi 


Water heat capacity 


KJ/kg-°C 


T 


Temperature 


5 

c 



TABLE 2 



10 



57 

One or more of the following inputs preferably are used in determining consistency: the 
refiner main motor power, the force exerted on the refiner disks urging them together (or 
hydraulic pressure or force), the dilution motor power of the refiner for each dilution 
pump, the refiner case pressure, the refiner inlet pressure, the chip washing water 
5 temperature, the dilution water temperature, as well as the gap between refiner disks. 

The consistency, C, is determined as a function of radial position in the refining 
zone 306. The temperature, T, is a temperature of stock preferably in the refining zone 
306 or upstream of the refining zone 306. Where the temperature, T 7 , is measured 
upstream of the refining zone 306, it preferably is measured slightly upstream of the 

10 refining zone 306, such as immediately before the location where stock enters the refining 
zone 306. If desired, the temperature, T 9 can be measured at the refiner inlet 1 14 where 
stock enters the refiner 32. Where the temperature, T 7 , is a temperature in the refining zone 
306, it preferably is measured at or adjacent where stock enters the refining zone 306. The 
temperature, T 7 , can be measured anywhere in the refining zone 306. Where a refiner 32 

15 has more than one opposed pair of refiner disks, the temperature, T 7 , preferably is taken 
upstream of the radially innermost pair of refiner disks or in its refining zone. 

Where a sensor refiner disk or disk segment 173 is used, temperature, T, can be a 
temperature measurement from a single sensor, such as sensor 180, 186, or 194, or an 
average temperature determined from temperature measurements taken from a group of 

20 sensors, such as sensors 194, 192 and 190 (or all of the sensors). Where it is desired to 
measure temperature, T, in the refining zone 306 adjacent where stock enters, sensor 1 90, 
1 92 or 1 94 can be used. Preferably, the temperature measurement from sensor 194 is used 
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in such a case. 

If desired, the temperature, T, can be determined using a combination of a 
temperature of stock entering the refiner 32 and a temperature of stock in the refining 
zone 306. One such example is an average temperature of the average of the temperature 
5 of stock entering the refiner 32 and a temperature of stock in the refining zone 306. 

The latent heat of steam, Z, is obtained from steam tables known in the art. The 
latent heat, L, is obtained for the temperature, T, that is measured. The specific power, 
W , is determined by dividing the power input into the refiner 32, typically in megawatts, 
by the refiner disk surface area, in square meters. 
10 The specific steam generation rate, m s , is determined using an energy balance that 

assumes that all energy inputted into the refiner is converted to heat. Thus, it is assumed 
that the specific power, W , of the refiner is converted into heat and known steam tables 
(not shown) are used to determine the specific steam generation rate using this 
assumption. Where implemented as part of an algorithm that is executed by a processor, 
15 one or more steam tables are utilized as lookup tables. 

The wood heat capacity, H SJ is taken from a known wood heat capacity table 
based on the temperature of the chips measured before the stock enters the refiner 32. The 
water heat capacity, Hu is also taken from a known table of water heat capacities and is 
based on the temperature of the water in the stock measured before the stock enters the 
20 refiner 32. 

If the temperature, T, and the specific power, W , are known as functions of radial 
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position, the two equations above can be combined to produce a non-linear ordinary 
differential equation (ODE) of first order for the consistency, C. This equation is: 

This non-linear 1 st order ODE can be converted into a linear 1 st order ODE by 
noting that: 



1 dC _ d (\\ d(\-C^ 



C 2 dr " dr{c) dr{ C 



(Equation XXIII) 

Accordingly, by defining a new variable Z as (1 - C)/C, the following linear order 
1 st order ODE results: 



dr L dr L 
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dT 2nr ■ 



H s W 

V dr m 



10 (Equation XXIV) 

This equation is of the general form: 



^- = f(r)Z + g(r) 
dr 



(Equation XXV) 



15 



60 



From ODE theory, a general solution to the above equation is: 

Z(r) = + e J J gv")e J ar 

(Equation XXVI) 

The solution for this specific problem is easily obtained upon substitution of the 
5 appropriate functions f(r) and g(r) into the equation above. A is an arbitrary constant that 
is determined from the initial condition, Le. 9 the value of consistency (and therefore Z) at 
the inlet to the refiner. The final solution for Z is given below 



Z{r) = Z{r. l ) 



f L(r)} 



P H. 



+■ 



H, 



-—L(r) fi \rW(r)L(ri p 1 dr 
m J 



10 (Equation XXVII) 

This solution is based on the assumption that the latent heat of steam (L(r)) is a linear 
function of temperature of the form: 



L(r) = a + pT(r) 



15 



(Equation XXVIII) 

The inlet radius is r,-. Since the temperature and the specific power are obtained at 
discrete points, the quadrature (last term in the equation for Z) is a function of the fitting 
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or interpolation procedure used to obtain the measured quantities as continuous functions 
of radial position. Once the fitting or interpolation functions (a and p) are known, the 
integration can be carried out numerically. 

Finally, the consistency can be obtained from Z(r) as: 

1 + Z 

5 

(Equation XXIX) 

This method preferably is implemented in software or firmware to compute the 
consistency. A piecewise linear interpolation function preferably is used for the 
temperature and specific power functions, which provides the advantage that the 
10 quadrature in the functional representation of Z(r) can be exactly evaluated. Doing so, 
assumes that both the temperature and specific power data is available at the same radial 
locations. 

Such a software or firmware implemented algorithm preferably can compute the 
consistency as a function of radial position. Only one measurement of consistency, C, is 
15 needed by the controller 274 shown in FIGS. 20 or 21 . In one preferred implementation 
of this method, the consistency, C, determined is the consistency at the inlet of the 
refining zone or adjacent a radial inward location of the refining zone. 

FIGS. 22 and 28 graphically illustrate a controller 274 being put on hold when 
an operating parameter of the refiner 32 is changed. The controller 274 is released after 
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the operating parameter has been changed and when its process variable has stabilized. 
For example, when the flow rate of the dilution water is changed, such as when an 
operator changes it or when a DCS 94 changes it in response to a change in motor load, 
the controller 274 is put on hold at the time designated by line 300 (FIG. 21). A link 92 
between the DCS 94 and the control computer 38 can communicate when such a refiner 
operating parameter has been changed and thereby cause the controller 274 to be put on 
hold. 

After the operating parameter change has been made, the refiner 32 begins to 
stabilize. For example, where refiner temperature is the process variable, the 
temperature will change and then stabilize in the manner shown in FIGS. 22. Where 
consistency is the process variable, it too will stabilize. When the process variable has 
sufficiently stabilized, its value when the stabilization determination is made is adopted 
as the new setpoint and the controller 274 is released, such as at the time indicated by 
line 302. When released, the controller resumes operation. 

The control processor 34 preferably is configured with the control method of 
this invention or a preferred implementation of the control method. The control method 
preferably is implemented in software on board the control processor 34. Preferably, 
the control method is implemented in the form of a controller that preferably is a PI 
controller or a PID controller. 

It is also to be understood that, although the foregoing description and drawings 
describe and illustrate in detail one or more preferred embodiments of the present 
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invention, to those skilled in the art to which the present invention relates, the present 
disclosure will suggest many modifications and constructions as well as widely differing 
embodiments and applications without thereby departing from the spirit and scope of 
the invention. The present invention, therefore, is intended not to be limited by the 
5 foregoing description. 



